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PURPOSE:To obtain the permanent magnet alloy powder excellent in coercive force iHc and residual 
magnetic flux density Br by specifying the production conditions of a material having a specified 
composition and controlling the structure and crystal structure. 

CONSTITUTION :The molten (Fe, M)-Mn-B-R or (Fe, M, Co)-Mn-B-R alloy (R is Nd or Pr, and M is one 
or >=2 kinds among Al, Si, S, Ni, Cu, Zn. Ga, Ag, Pt, Au and Pb) having a specified composition is super 
rapidly cooled to form an amorphous structure or the structure wherein crystallites and the amorphous 
structure coexist, and crystallization heat treatment is applied under specified conditions to obtain a 
crystallite aggregate wherein a ferromagnetic soft magnetic phase consisting essentially of-iron and Iron 
and a hard magnetic phase having an Nd3Fe14B-type crystal structure coexist in the same granular 
body and with the average crystal particle diameter of each phase controlled to 1 -50nm. A permanent 
magnet powder having a low content of rare-earth element and having >=5kOe iHc and >=6.5kG Br Is 
obtained in this way. 
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ISM] 5 kOe£4±<0«tS:fj i H c ^ 6 k GJ[24JiO 

e. M) -Mn-B-R*-5li« (Fe, M, Co) - 
Mn-B-R^^mW!f (R«Nd^/tttPr, MfiA 
K Si. S. Ni. Cu, Zn. Ga. Ag. Pt, 

ssT&n nm~5 0 nm(omm\z$>^mm^m^i^^n 

^Zt\Z^K>. IHc^S. OkOe, Br^6. 5k 
G, (BH) ma x^8MGOe(?Da^iJ^i±^WL- 
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m^mi] fei^K^C^ (Fe:-.M.) ioo-z.,-.Mn. 
M«A K SI, S. NM, Cu. Zn. Ga. Ag. 

=&#|J5SffiO¥i^j^ra*iS?&n nm-5 0 
nmCOlBffitC^iO, m m-- 5 0 0 m i$ 

a4^tt;&M Hc^5 kOe, Br^5. 5kG, (B 
H) ma x^7MGOe-C*^c:i:^1#?S<i:TS^^1ffit 

0. 0 l^x^7 a t % 
1 0^y;^3 0 a t 5^ 
3^z^6 a t% 
0. 0 0 S^a^O. 3 

[iS*^2] laj^^^ (F e i-.-b M. C Ok) 
ioo-x-,-.Mn,B, R, (^HbR«P r^tz.\tnd<Dl 
m^1t\t2m. M«A K Si, S, Ni, Cu, Z 
n, Ga, Ag, Pt, Au, P b CD 1 ;^c^i 2 
±) t^U iffifiKttH^IS^t-^SS^x. 2. a. 

(4<7)|>:mttffl<?:, Nd2Fet4 BISJ^a«lxg^:^r-5^ 

nm-S 0 nm<^*BH(C^^O, Jspj^iKS** 3 
Mm-SOOum. Hc^5 kOe, Br 

^6kG, (BH) ma x^TMGOeT^-SClchSI^ 

0. 0 l^x^7 a t % 
10^y^30at% 
3^z^6 a t % 
0. 005^a^0, 3 
0. 0 0 S^b^O. 5 

[i»«^3] iSfiK^S' (Fe:-.M.) 100-.-, -»Mn. 
BtR, ({HLRfiP r ^)^c«NdO lS^rctt2S, 
U\tA\. SJ, S, Ki. Cu, Zn, Ga, Ag. 
Pt, Au, PbcDlS^;tH2aJE^±) 
ttffi^&SJ^T^ia^x, y, z. aj&t-fr^^g^gij^fS 

t^j&t^ e» 6 0 0 7 5 0 x:(D9ikmum^T:(D^Mmm 
jFet. BSj^fB«iit^^-r^®m<ifflt7&«f^-is^^)e 

^+tC#^?¥U ^«t^t80iFl^lSaeg;?)n nm-5 0 
TC:tl€:¥i£j©@3 Mm- 5 0 0 um\Zl^^LX^i\m 
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0. 0 l^x^7 a t % 
1 0^y^3 0 a t % 
3^z^6 a t 9^ 
0.0 0 S^a^O. 3 

(^*^4] M^^^r (F e i-.-b M. C Ob) 
ioo-.-r-«Mn. B,R, ({SbRUP r ^>^«Nd<7>l 
a^}ttt2a> MttA KSKS>Ni.Cu, Z 
10 Ga. Ag, Pt, Au> P bO 1 a^>btt2aJK 
±) tSU ite^«5fflS:IB£T'5f2^x. y, z, a. 
b ;5>^Tt2M ^ i^J^-r -^^^^i ^ iHite D ^ ffi Tti^ 
x:/^^y iii^TV^-iXm^^^At. 

i^^{ciimwt^mLm,^WT^^% 0 ot:—? 5 ox:co^ 

tt<Ottmttffi<h. Nd2FeMB|g!iea«ig^W-r'5^ 
aiS5:g;&ti nm—S 0 nmCO^Siatcab^tSSi^Sm^^^ 

#;tcD^, i£:>Sfcisi;Tc:n€¥i%&S3 Mm- 5 0 0 

0. 0 l^x^7 a t% 
1 0^y^3 0 a t% 
3^z^6 a t % 
0.0 0 5^a^0. 3 
0. OOS^b^O. 5 

30 mm(D^^mumm] 

[0 0 0 1] 

u^>>}^mi5m^^m^^^m^t^(Dmm:^m\z^. 

0, ^±m7tm(D^^&i:)^(P^U^^fi^^m0!L(D (Fe, 
M) -Mn-B-R*;ttt (Fe, M, Co) -Mn- 

\zr7^)i^y7 7.m.mib^\^^\t»mmmt7'^)^yr7s 

40 i^m^T^mmhi:.. ^^(Di^Mm\zxa-Wiikxsw<^ 

^n^^m\zxi^'^T^z.t\z^y). /\-K:7a:^ 

hlKST«»e>n7^^i5 k GJ5JL±<0^®?a8^^fiEB r 
«:^-r^ F e - B - R J^dO Ha5^f#-5 CI 

[0 0 0 2] 

t:>i5^^~-^-, /'^'7— ^-^-3£r;:^::7^^3.x- 
5^ ^-ts.E\z^m'^n^^{KmB\%^Azj\-\^y)sL^^ V 
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[0 0 0 3] ^a, }^wjmt^Mm<oti:ibmm(omm{t 

xh. nmMm&it^WL±\zr^rzib<DBStm^^Pi^n 
x^ho. m^(o^-i$^-mmx\tm^tinLvxBrtti w 

10 0 0 4] m^\^. Nd-F e-B^3|<>HfiS5TJi 

mz^±<ojiums\z±m.^uwim^mr^ i^dUE^ 

1 0-- 1 5 a t X^^X^X^^-^^tz^s A— H:7x^-f h 

V. ^mx^B\z^mmmi^^-pjt&u^i\.m^un\t. 
mtsnx^>rji\,\ 

CO 0 0 5} 

«^fiBI5(c43ViT* Mifi. Nd4Fe?7Bi9 (a t ifi 
ftfTF € 3 B^{t^#;:£3&4§a:-r'6«^©«»;&«tiie 
(R. Coehoorn^, J. de Phys. . C 
8. 1 9 8 8. 6 6 9 — 6 7 OM) tStlTz. CCD?S5« 
mt7^)]^y7:^U:^>^^Mmr^i^t\Z^r). 30 
^Xdr>^¥ eiBtWrn^^X^^ndi F ewBCDi^^m 

*t2-'3 kOeSS<i:(g;<, ^fcCKO i H c 

[0 0 0 6] c:<0FesBS{fc^ife^^«i:-r-6Nd- 
Fe - Ba5CDNdcO-gB€Dy <hTbTeSbT I H 
cS:3-5kOe \Z^nr^m^i)m^'^nx\^^^ti^. 

e oam^-^ > h ts^w-ff l.x^^'^'r^rzibm<t^zs 
\z»mmm(Dnmm^'^i\:'r^m^if^Bi^ (r. coe 

hoorn, J. Magn. Magn, Mat. > 83 

(199 0) 228-2 3 OM) . 

[0 0 0 7] fa<7)©f^ (Shen Bao-gene. 
J. Magn, Magn, Mat. . 89 (199 
1) 3 3 5-3 4 0H) tUT, F e <D-8P$C o tCT 
eftUT^riU~aSS:±^$ii-. i H c <7)iajK«^Sc^ 

T^it^r^mt}^hi>. 50 
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[0 0 0 8] V>t*niCbTt)F ea BMNd -F e -B 

10 0 0 9] CK^^^Ii, 'g-^'r'5l&±lS;J^«il>;:cv^F e 
-B-R3Rm5 (Rtt»±S,7C3^) C0iHc^f«J±$ 

CO«fiS;^ I H c t 6 k G£JLJbC05SSam^«B r $Wb 

ib (D^i\m^^^&^ t 't(omm:^m(Dm»: ^ a w t u 

[0 0 10] 

[sa^^ftT-ST^cj^co^s] zL(o^m\t. ^mii^h 

«fiatttffidtg«T'5{S*±S««0 F e - B - R^fiat:^ 

©IftD^cStS'&^JC, Mn^AK Si. S, Ni. C 
u, Zn. Ga, Ag, Pt, Au. PbcoiS^/tti 

2 m&.±^mmi^7t^^m0L(o^^mm^mM?^^mz 
xr^)uy7 7.mm,$,^r,^tmmi^^h7^Ay7xti^ 
m^r^mmtrjiL. ^^<D^mmm\zx^^Mm\zx 

5T«^en;5:;0^o;rc5, 5 k Gei^±coJ5Sa^ffiggB 

[0 0 11] ZlO^mt. iHfigS:^ (F e i-.M.) 
loo-i-,-, Mn, B, R, ^-SVMi (F ei-*-b M. Co) 
ioo-..,-,Mn. BtRi (mixRIiP r^/ci^NdOl 
a^ZS:tt2a. MttA K Si. S. N i, C u. Z 
n. Ga. Ag, Pt. Au, P b(D im^rc}t2m&L 
±) t^U jmfi)c«iffi$(S^r'5fa^x, y, z, a. 

^4<OtJ:ffi^<4fti:, Nd2Fei4B^j|§a«a^W-r'5>«! 

1 n m— 5 0 n nK^fSfflJC^ 0 * 3 

U 5 0 0 xi m; IHc^SkOe, Br 

^6kG» (BH) ma x^7MGOe-C*'5C(i:$# 

0. 0 l^x^7 a t% 
1 0^y^3 0 a t % 
3^z^6 a t% 
0. OOS^a^O. 3 
0.0 0 S^b^O. 5 

[0 0 12] Z<D^m\t. (1) m^^^ (Fe 

i-.M.) ioo-.-f-» Mn. Bt R. ^^I'Wi (Fei-.-b 
M.COb) loo-.-f-. Mn, B, R, ({H L RitP r ^/'c 
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«NdCD lSi/c«2«. M«A U Si. S. Ni. 
Cu. Zn, Ga. Ag. Pt. Au. PbCDiaS/d 

«2««±) i^b. mf^Bm^mMr^Md^x. y. 

* ^ I ^«®:^*Se^ <h r ;!/ :7 r X Tt^i^g^E-r ^ ^ <!: 
b. ( 2 ) $ 6^JSa^^b:<)iga*^T'SiaS«ia3&^e> 6 0 0 

•c- 7 5 0 'C(DS!isias3s r(o#aiiS7&« i o •c/^j^-- 

5 0X/f*tcAj:^j*p^{tl!*ing;&SSb. (3) a-|*S 
^U. &mmB(D^i^^^a&mf)^ lnm-50nm<7)i5 

fcib!^^L<rj:i.K RU. 3at%*air«5. OkO 
e«±<D i HcT&^^enr, S/c6a t%^jia^^i6 
kGlU±(DBrf)mf^tifj:i,^fcib. 3--6at%CDiaS 

[ 0 0 1 4 ] 1 0 a t %*?esr«am?ft^^«ii 

KOe^m(OiHcL^mhtifj:i.K ^/c3 0at%^ 
*gx.^»<b5 kOe«±<Di Hc;!>n#e>*i3^j:tri/cJ6. 10 
-3 0 a i%<0^mt'r^. bl^B<Offiffltil 5- 
20a t%'C^-2>o 

(0015] Mn«, i HcCOffiJiCCS^a-C^^T^jJ, 

0. 0 1 8i i%mm'Cfitf)^y)^^nmm^htL'r. ttc 

7 a t%^fflx5<hB r;i^>5:^^<ig;TU. 6 kGt^±co 
B r 6nAd:ii/c«t>. 0. 0 1 --7 a t %cDi&S<t T 
bl^MnCDSaHfil^S a t%-C^€>o 

[0016] mm7cmM(OA k s i . s , n i , c 

u. Zn. Ga. Ag. Pt. Au. Pb{i. if^^ffi^ 
(Onm^i^mL. B r4fe5i:C>' (BH) ma x^if;^^ 

^gifegTij^o. 5%^mv{ti)^f)^^i(hm^mfbtir. 3 

0%^5:ax.^<t 5. 5 kGt^±(DB r>!>5f#e^^;0:t>/c 

F eCC>Pt-r^g}SSiJF e + C o +MO0. 5%- 
3 0%iT^. *f ^ Ul^$Ga« 1 - 1 5%r^^. 

[ 0 0 1 7 ] c o Br, nm6bU(Dnmiij^c^\Eim 

x.Si6 kGW±<DB r*nf enJ^Jl^/ces?), F e tC^^T 
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^gfftSJiF e +C o +MCD0, 5 5 0 %CDffiH<fc-r 

^0 C/C*c o<offia«2- 1 o^rdb-s, 

( 0 0 1 8 ] F ±ai<D7c*<D^WJ^^*A«>^« 

[0019] m^^^(ommm^ 

6 6 0 0 '0-7 5 0 •CCOteSae^r'CO^?aiIS:0i 1 0 
•C/^- 5 0 •C/&tC3i^ieB^fkJttJtaS^SSTC i 

Nd, F e,,BMMa^«3g«:W-r'2>8!fflEttta<b;&i|^-» 

iHttSaSl^fti3^cC6r»*L< Ajrc^ fetch. 
(DmUttC^i^^X . Ci>m<Da - F e tB-^if S^N d - F e 

- Bit^mm^Mi%m^^(c^&ux h^m^mu < ® 

T ^ it -5 <D r 3^jr < 5 n -5 • 
[0020] CO^H^^iJl^r . ±j^(D^^mf&(D^^ 

SS?&i6 0 0*C*?il|r«Nd,F et.BtB;^^stf^Uil^^:ct<^ 
fclt> \ H oi)mmorj:i.K ^/c7 5 0*C^fflx5<btiifiS 

< , i H c . Br Ra^mm&m(onm.m^^^it 
00-7 5 o'ccc^^-r-s. «i«its:^Ha«K{b^p;5± 

r^tc^. Ar, N,/7X/j:^<D:^14;e7;;?L^H»4>L 
<«1 O-'To r rJi(±(D«^cfi;i?i«F^bO„ ff^n^ 
40 ^t&^(Dffimt$14«JSiJtiiSB#PBl^ 6 

nm^mTi ^ t ^^T^<omA i <h b r fs^mrr-r ^ 

[002 1 ] c(o^m'<ci6i.>xmmfj:mWit ux. m^iBi 
m^mL xt§Puitf)i^i^r ^iasff i^T^^ e (om^mmx 
^ D , 10 'cy^mo^mi^mBLx^t. ^t^^cc&fiss 

^fc. bO'cy^'^m^i>^um&xit, 6 0 0-c 
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0, (BH) ma x;0t5^^kt-'5;te6»^U<7tc^i. U 
[0 0 2 2] Jga«jS 

tpfC^ffU, *«^ffi<Z)Vi^jeaaS;&< 1 nm- 5 0 n i(? 
eilif ^UVi5}Zj^^g^fe^til nm'-2 0 nmT^^, 

r^6kG, (BH) m a x ^ 7 MGO e <oaM^<i^ 
(0 0 2 3] WB^IS^ 

^Mwmwt^mm^i&t^^^ 0 or-? 5 0 

aK-^^^^i^tegTS^Sum-S 0 Oum 

emm«a[B r i^rWr'5*>Ha5$^^)C<h7&tT^ 
^. 
[0 0 2 4] 

adcCO (Fe, M) -Mn-B-R'&^SIi^^S^^iW 
(Fe, M. Co) -Mn-B-R^^^|& (Rf^Nd 

ttm^-t^mMWi&is^^ 6 0 ox:-- 7 5 or:oja3iffls 

^Tc^#®iS^*U 0t:/53^-5 01C/8>{r/5:^«^S^t: 
SattcOtJcaiiffii:, Nd2Fei4 B5/jeS#lig$^r 

<h, MnCO— ^7&^^jK^^^8T«>^R2 F BfficDF e 
S^^ii^ftT^ClchTRz F ei4 BffiCOS:^#.5£»:?&tf6l 50 
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HF e .hcoaft«<^^*ts^a^ttWT*-5;fcJ6iK{t:<D^ 
*i;5:i£T^«*-r^. L;C>^L7:c5C>^e, ^ADtc^M (A 
1, Si, S, Nl, Cu, 2n, Ga> Ag, Pt, 
Au, PbC0 1S*;t«2S£4±) coaSADfcJ;0. Fe 
Mn-M. F e -Mn -MOSSiS^i^^T-S^M 

c S:Bfe«-r^»e:.i:*^T^^c R2Fei<Bffl<7)F 

;5t±#L, i HccDMS«»C^^#$n, iHc^Sk 
Oe, Br^6. 5 k G, (BH) max^SMGOe 

[0 0 2 51 

[|liS0ii] 
^is^i 

5 9^JEJ^±<7)Fe, Co, Mn, Al. Si, S, Ni, 
Cu, Zn, Ga, Ag, Pt, Au, P b, B, N 
d, P r<O^M$ffi(.iT, iiSfiTJi^a Og r <Ji7a:^i;^(3 
flPfilx, JSSSJCitgO. 8min<D:ry 7>r X€:WraS 
^^Of^rttCiSrAL, flE*5 6 cmHgcTDAr^ffi^tt' 

TS^Kin«iJCcfcoiS«?U ^«MS^i 4 0 oictcL 
fcSI, eiM^Ar^;^fcJ:r)JDHL^T^iaf3To-;i/^ 

^^2 (^m/mzxi^^m^'^^cnm.u--)v<D^mm 

ICO. 7mmcOii5$7&^e^^^>«m$ii-T, «2-3m 

# ntcm^^^n^'^ c u k a <7)»ttx$ijzi: o y^:;!^ 

[0 0 2 6] C:<Oi@m?&«#^A r 

^^f^S 8 0t:--6 0 Ot:^T.%]^lin^L.^c^, 58 o 
'C6C±«r^ 1 ^ l \z.7r<tm^ 

SiaK"C7»mff»U, ^COa^M*T?&aiLT»»$ 
^OaiL, <@2'-'3mm, il^^ 2 0 ;im— 4 0 wm. ^ 
$ Smm— 5mm(D0C^Srf^SIU, VSM^^l^Tfi^^ 

CuKa<Dl^ttXi^TI«]^L;tJ^m. Mng 
?&«3 a t 96^fflco^€rfi, a-Fe-li, Fe^B-fi. N 
di F ei4 B^§7&«^gifiEt-^^l§mj^T^o/zd^ MnM 
;&t3 a t %J^±CD^#J1, a-Feffl, NdaFe^B 

CoHC:necD#^a-CFe<7>— g|5:£filt»"r'6. 

3 0 nm^XTXtb^tz,. 
[0 0 2 7] itfefi^ 
^IcoNo. 1 l<Oia^^;^'&cfc -5^*6^9 9. 
±<DFe, B, Nd=£fflViTllM0iIl<5:|5l^frTj@:gi?& 



(6) i»M¥7~ 1 7 3 50 1 

9 

tt^HNo. 11) vxvsu^m^^xm^^^^m^v 

e«Bffl$:^ffli:r*a-Fe^i:Nd2Fei4 

SafiWNo. 1-No. 1 OICifc^Tfii^T*^;^, 
[0 0 2 8] iyS0i|2 

^ 1 cOIK^^31g&{C^l^<Sigtt 1 5 0 timi;ky\zm 10 1 
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[«2] 30 {%m<r>mm:'\ z.<D^mt.. ^±mjm(o^m&ii^'>ft 

V>^*^»^K(0 (Fe. M) -Un-B-R^^mWj^^ 
liti (Fe. M. Co) -Mn-B-R'&ife^^i (RH 

m^mr^mk^^Lnm-^^w.'f'^izpk^L.. 

^fflc0^^j!^fiSS?&U nm-5 0 nmC0«SfC*-6Sfc 
ifij^^&^M n ^'^^U.^'^m0!L\Zit^m 1 / 2 - 1 / 3 {C^ 
14 B+g(DF e^^<fc|gjfe-r^Ci:TR2 F BffiC^M 

*tt^j*7&^fpj±r<5 Civile <j:o> iHc«a:#$n, ^ 

S, Nl, Cu, Zn, Ga, Ag, Pt, Au, Pb 

<Dim^rc\t2m&.±) o^mmz^o. fc-m, Mn 
-50 i^^fzsb. ^i\:(D:kmy3ii&T^m<z:t^< \Hc^^ 



*aXMa\yfz<Dt>. 1 2mmX 1 2mmx Smm^^<D 

o. 2) ^a^6. Og/cm', iHc 

= 6. 4kOe, Br = 8. 5kG, (BH)max = 

8. 7MGOeT*o>t. Senfe7j5>Kfi55 (iSjldcN 

o, 6) (Dm^i^mt. ^me. og/cm^, ihc 

= 6. OkOe, Br = 8. 6kG. (BH)max = 

9. OMGOeTftofc. 
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